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Abstract: Dyslipidemia treatment is of major importance in reducing the risk of atherosclerotic
cardiovascular disease (ASCVD), which is still the most common cause of death worldwide. During
the last decade, a novel lipid-lowering drug category has emerged, i.e., proprotein convertase subtil-
isin/kexin type 9 (PCSK9) inhibitors. Apart from the two available anti-PCSK9 monoclonal antibodies
(alirocumab and evolocumab), other nucleic acid-based therapies that inhibit or “silence” the expres-
sion of PCSK9 are being developed. Among them, inclisiran is the first-in-class small interfering RNA
(siRNA) against PCSK9 that has been approved by both the US Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) for the treatment of hypercholesterolemia. Importantly,
inclisiran therapy may improve low-density lipoprotein cholesterol (LDL-C) target achievement by
offering a prolonged and significant LDL-C-lowering effect with the administration of only two doses
per year. The present narrative review discusses the ORION/VICTORION clinical trial program
that has been designed to investigate the impact of inclisiran on atherogenic lipoproteins and major
adverse cardiac events in different patient populations. The results of the completed clinical trials are
presented, focusing on the effects of inclisiran on LDL-C and lipoprotein (a) (Lp(a)) levels as well
as on other lipid parameters such as apolipoprotein B and non-high-density lipoprotein cholesterol
(non-HDL-C). Ongoing clinical trials with inclisiran are also discussed.

Keywords: inclisiran; atherosclerotic cardiovascular disease; proprotein convertase subtilisin/kexin
type 9 inhibitor; low-density lipoprotein cholesterol; lipoprotein (a)

1. Introduction

Atherosclerotic cardiovascular (CV) disease (ASCVD) represents a major cause of death
worldwide [1]. One of the most important strategies to minimize ASCVD risk involves
treating dyslipidemia in both primary and secondary prevention settings [2]. During
the last decade, a novel hypolipidemic drug category has emerged, targeting proprotein
convertase subtilisin/kexin type 9 (PCSK9) [3,4]. PCSK9 is primarily synthesized by
the liver and promotes low-density lipoprotein (LDL) receptor degradation, leading to
increased circulating LDL-cholesterol (LDL-C) levels [5]. Therefore, inhibition of PCSK9
can lower LDL-C via promoting the recycling of the LDL receptors in the hepatocytes thus
increasing LDL particle catabolism. Two PCSK9 monoclonal antibodies (PCSK9-mAb),
i.e., alirocumab and evolocumab, are currently being used typically as add-ons to maximally
tolerated statins with or without ezetimibe in hyperlipidemic patients at a high or very
high CV risk [6,7]. These PCSK9-mAb have been shown to reduce LDL-C by 50–65% on top
of statins (±ezetimibe), as well as lipoprotein a (Lp(a)) by a mean of 25–30% [8] and, most
importantly, also major adverse cardiovascular events (MACE) with an overall excellent
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tolerability and safety profile [9,10]. Interestingly, this PCSK9-mAb-induced Lp(a) lowering
was also associated with a significant reduction in CV outcomes [11].

Different pharmaceutical methods of PCSK9 inhibition are being developed, i.e., an
anti-PCSK9 vaccine, for which human studies have just started [12], and nucleic acid-based
therapies that inhibit or “silence” the expression of PCSK9 [9]. These therapeutics include
small interfering RNAs (siRNA), N-acetylgalactosamine (GalNAc)-conjugated antisense
oligonucleotides (ASO) and gene-editing options (e.g., clustered regularly interspaced
short palindromic repeat (CRISPR) tools or meganucleases delivered by adeno-associated
virus vectors) [13]. Among such agents, inclisiran, the first-in-class siRNA against PCSK9,
has been recently approved by both the US Food and Drug Administration (FDA) and
the European Medicines Agency (EMA), along with diet and maximally tolerated statin
treatment for adults with heterozygous familial hypercholesterolemia (HeFH) or ASCVD
who require additional LDL-C lowering [14,15].

Inclisiran can lower circulating LDL-C levels by halting PCSK9 gene translation in-
tracellularly, thus leading to a decreased PCSK9 generation within the hepatocytes and
subsequently to an increased number of LDL receptors [16]. Inclisiran therapy exerts
certain advantages compared with the other LDL-C-reducing medications (i.e., statins,
ezetimibe and PCSK9-mAb) since it offers a prolonged and significant LDL-C-lowering
effect (although being administered only twice per year) with a very good safety profile so
far. It is thus intuitive to expect that the infrequent dosing of inclisiran may represent an
attractive option to overcome non-adherence to hypolipidemic therapy, which is a major
cause of not achieving LDL-C targets with existing therapies. Furthermore, healthcare pro-
fessionals can administer inclisiran during the bi-annual follow-up visits of their patients,
thus minimizing the risk of both poor adherence and an improper drug administration
technique by the patient. Therefore, the patient can be under tight control by his/her
physician [17]. Overall, inclisiran provides a novel promising way to handle the huge
burden of dyslipidemia and ASCVD. However, inclisiran’s long-term safety and effects on
CV morbidity and mortality have not been established yet. Furthermore, the prolonged
mechanism of action of inclisiran may affect the patients’ overall perception/acceptability
of the drug if adverse effects were experienced [17].

The present narrative review discusses the effects of inclisiran on LDL-C and Lp(a)
levels, with an emphasis on the ORION/VICTORION clinical program that has been
designed to investigate the impact of inclisiran on atherogenic lipoproteins and MACE.

2. Summary of ORION/VICTORION Clinical Trials

The ORION-1 trial was a phase 2 study that included 501 patients with ASCVD
(n = 347, 69.3%) or ASCVD risk equivalents (n = 28 (6%) had FH, n = 118 (10.8%) had
T2DM) [18]. Overall, 73% of participants were on statin therapy (n = 365) and 31% on
ezetimibe (n = 151).

The ORION-2 trial was a pilot, phase 3, open-label, single-arm, multicenter study
conducted in four patients with homozygous familial hypercholesterolemia (HoFH) on
maximally tolerated, high-intensity statins and ezetimibe [19]. Inclisiran sodium 300 mg
was subcutaneously administered on day 1 in all four patients; three patients also received a
second inclisiran injection on day 90, whereas the fourth patient received only one injection
on day 1 since PCSK9 levels remained suppressed by >70% on days 60 and 90.

The ORION-1 study was extended (up to 4 years) with 290 inclisiran-treated patients
receiving only inclisiran (300 mg every 180 days) until the end of the follow-up (inclisiran-
only arm) and 92 patients, initially receiving a placebo in the ORION-1 study, followed by
evolocumab 140 mg every 14 days up to day 360 and then transitioning to inclisiran (300 mg
every 180 days) up to 4 years (switching arm) [20]. This phase 2, open-label extension trial
was named ORION-3.

The most clinically relevant of the ORION program is the ORION-4 CV outcome
trial (CVOT). ORION-4 (NCT03705234) is still recruiting and aims at evaluating the
5-year occurrence of major coronary adverse events in approximately 15,000 participants
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aged ≥55 years with pre-existing ASCVD randomized to either inclisiran sodium 300 mg
(every 180 days) or matching placebo [21]. The primary endpoint of this phase 3 trial
includes coronary heart disease (CHD) death, myocardial infarction (MI), fatal or non-fatal
ischemic stroke and an urgent coronary revascularization procedure, whereas the com-
posites of CHD death, MI or CV death represent secondary outcomes [21]. The estimated
completion date for this study is July 2026.

In the ORION-5 trial, a phase 3, two-part multicenter study (i.e., double-blind placebo-
controlled for 6 months, followed by an 18-month open-label extension where all patients were
treated with inclisiran), the efficacy of inclisiran was evaluated among 56 HoFH patients [22].
The results have been very recently posted (accessed on 24 March 2023, https://www.
clinicaltrials.gov/ct2/show/results/NCT03851705?cond=NCT03851705&draw=2&rank=1),
and thus we need to wait for the full publication to comment on them.

The ORION-6 trial was a single-center, open-label, phase 1 parallel-group study
involving patients with mild (n = 10) or moderate (n = 6) hepatic impairment (HI), as well
as participants with normal hepatic function (n = 12) [23]. All participants received a single
subcutaneous dose of inclisiran (300 mg).

In phase 1, open-label ORION-7 trial, the effect of renal impairment (RI) on the phar-
macokinetics, pharmacodynamics, safety and tolerability of a subcutaneously administered
single dose of inclisiran sodium 300 mg was evaluated [24]. Among a total of 31 partici-
pants, 8 had normal renal function (defined as creatinine clearance (CrCl) ≥90 mL/min),
8 had mild RI (i.e., CrCl 60–89 mL/min), 8 had moderate RI (i.e., CrCl 30–59 mL/min), and
7 had severe RI (i.e., CrCl 15–29 mL/min).

The ORION-8 trial (NCT03814187) is the open-label, long-term extension of the
ORION-9, ORION-10, ORION-11 and ORION-5 studies [25]. This trial will evaluate the
safety and efficacy of inclisiran in achieving lipid targets among 2991 patients with HeFH,
HoFH, established ASCVD or ASCVD risk equivalents, followed up for 1080 days [25].
This trial is still ongoing.

Three pivotal studies in the ORION program were ORION 9, 10 and 11. In phase 3,
double-blind, ORION-9 trial, 482 HeFH patients were randomly assigned, in a 1:1 ratio, to
receive inclisiran sodium (at a dose of 300 mg) or placebo on days 1, 90, 270 and 450 [26].
Patients were on a maximally tolerated statin (n = 436, 90.4%) (n = 356 on a high-intensity
statin (73.8%)) and ezetimibe (n = 255, 52.9%).

The ORION-10 trial was a randomized, double-blind, placebo-controlled, parallel-
group, phase 3 study involving 1561 US patients with ASCVD (with LDL-C > 70 mg/dL)
randomly assigned to receive, in a 1:1 ratio, either inclisiran (284 mg) or placebo, subcuta-
neously administered on days 1 and 90 and thereafter every 6 months until 540 days [27].
Patients were on a maximally tolerated statin (n = 1393, 89.2%) (n = 1062 on a high-intensity
statin (68%)) and ezetimibe (n = 154, 9.9%).

In the randomized, double-blind, placebo-controlled, phase 3 ORION-11 trial, 1617 pa-
tients from Europe and South Africa with ASCVD (n = 1414 with LDL > 70 mg/dL) or an
ASCVD equivalent (n = 203; 132 with T2DM, 30 with HeFH and 41 with ≥20% 10-year
Framingham Risk Score, with LDL-C > 100 mg/dL) were randomly assigned (1:1 ratio)
to receive either inclisiran (284 mg) or placebo, administered subcutaneously on days 1
and 90 and thereafter every 6 months up to 540 days [27]. Patients were on a maximally
tolerated statin (n = 1532, 94.7%) (n = 1271 on a high-intensity statin (78.6%)) and ezetimibe
(n = 114, 7.1%).

Several other inclisiran clinical trials are planned such as ORION-12 (phase 1, n = 48
healthy volunteers, outcome: ECG modifications) and ORION-17 (phase 3, primary pre-
vention trial, n = 40,000 participants) or ongoing, including ORION-13, -14, -15, -16 and
-18, as well as VICTORION-INITIATE, VICTORION-INCEPTION and VICTORION-2
PREVENT [28]. In brief, ORION-13 (NCT04659863) is a phase 3 trial involving 15 ado-
lescents (12–18 years) with HoFH who will receive either inclisiran or placebo for up to
720 days [29]; ORION-14 (NCT04774003) is a phase 1 trial including 40 Chinese patients
with increased LDL-C levels despite hypolipidemic treatment who will receive inclisiran

https://www.clinicaltrials.gov/ct2/show/results/NCT03851705?cond=NCT03851705&draw=2&rank=1
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100 mg, inclisiran 300 mg or placebo for up to 90 days [30]; ORION-15 is a phase 2 study
involving 308 Japanese patients with ASCVD and elevated LDL-C levels on inclisiran 300,
200 or 100 mg vs. placebo for up to 180 days [28]; ORION-16 (NCT04652726) is a phase 3
study with 150 adolescents (12–18 years) with HeFH on inclisiran 300 mg or placebo for up
to 720 days [31]; and ORION-18 (NCT04765657) is a phase 3 trial including 320 Asians with
ASCVD or ASCVD risk equivalents who will receive either inclisiran 300 mg or placebo for
360 days (+extension to 3 years) [32].

The VICTORION trials will evaluate the efficacy of inclisiran in patients with CVD.
In particular, VICTORION-INITIATE (NCT04929249) is a phase 3 study including 444 pa-
tients with ASCVD and LDL-C > 70 mg/dL on a maximally tolerated statin who will
receive inclisiran 300 mg + usual care vs. usual care for up to 330 days [33], whereas
VICTORION-INCEPTION (NCT04873934) is a phase 3 study involving 384 patients with
recent (within 5 weeks) acute coronary syndrome (ACS) who will be treated with inclisiran
300 mg + usual care vs. usual care for up to 360 days [34]. VICTORION-2 PREVENT
(NCT05030428) is the most important of the VICTORION clinical trial program since it is a
CVOT—a phase 3 clinical trial which will include 15,000 patients with established CVD
that will receive inclisiran 300 mg vs. placebo and will be followed up for 6 years [35].
This study will evaluate not only the effects of inclisiran on lipid parameters but also on
the occurrence of MACE (i.e., nonfatal MI, nonfatal stroke, CV death, urgent coronary
revascularization), as well as all-cause death [35]. The study is still recruiting, and the
estimated completion date is October 2027.

Other currently recruiting clinical trials are VICTORION-REAL (NCT05399992),
which will evaluate the effectiveness and adherence of inclisiran in ASCVD patients [36],
VICTORION-DIFFERENCE (NCT05192941) [37], which will examine the efficacy, tol-
erability, safety and quality of life (in relation to drug-related adverse effects) of in-
clisiran in patients with hypercholesterolemia treated with rosuvastatin, VICTORION-
IMPLEMENT (NCT05362903) [38], which is a non-interventional implementation real-
world study, VICTORION-PLAQUE (NCT05360446) [39], which will assess the impact of
inclisiran therapy on atherosclerotic plaque progression in patients with non-obstructive
CHD without previous CV events, and VICTORION-SPIRIT (NCT04807400), a phase 3 clin-
ical study that will evaluate the implementation preference and utility of inclisiran admin-
istration in patients with ASCVD or ASCVD risk equivalents in a regional primary care
setting, i.e., the National Health System (NHS) [40].

Table 1 summarizes the patient populations of the ORION and VICTORION trials.

Table 1. Patient populations in the ORION and VICTORION trials.

Completed Clinical Trials

ORION-1
501 patients with ASCVD (n = 347, 69.3%) or ASCVD risk equivalents (n = 28 (6%) had FH,
n = 118 (10.8%) had T2DM)
73% of participants were on statin therapy (n = 365) and 31% on ezetimibe (n = 151)

ORION-2 4 patients with HoFH on maximally tolerated, high-intensity statins and ezetimibe

ORION-3

ORION-1 study extension (up to 4 years)
290 inclisiran-treated patients receiving only inclisiran (300 mg every 180 days) until the end of
the follow-up (inclisiran-only arm) and 92 patients initially receiving placebo in the ORION-1
study, followed by evolocumab 140 mg every 14 days up to day 360 and then transitioning to
inclisiran (300 mg every 180 days) up to 4 years (switching arm)

ORION-5 56 HoFH patients

ORION-6
Patients with mild (n = 10) or moderate (n = 6) hepatic impairment, as well as participants with
normal hepatic function (n = 12)
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Table 1. Cont.

Completed Clinical Trials

ORION-7

31 participants: 8 had normal renal function (defined as creatinine clearance
(CrCl) ≥ 90 mL/min), 8 had mild renal impairment (i.e., CrCl 60–89 mL/min), 8 had moderate
renal impairment (i.e., CrCl 30–59 mL/min), and 7 had severe renal impairment
(i.e., CrCl 15–29 mL/min)

ORION-9
482 HeFH patients on maximally tolerated statin (n = 436, 90.4%) (n = 356 on high-intensity statin
(73.8%)) and ezetimibe (n = 255, 52.9%)

ORION-10
1561 US patients with ASCVD (with LDL-C > 70 mg/dL) on maximally tolerated statin (n = 1393,
89.2%) (n = 1062 on high-intensity statin (68%)) and ezetimibe (n = 154, 9.9%)

ORION-11

1617 patients from Europe and South Africa with ASCVD (n = 1414 with LDL > 70 mg/dL) or an
ASCVD equivalent (n = 203; 132 with T2DM, 30 with HeFH and 41 with ≥20% 10-year
Framingham Risk Score, with LDL-C > 100 mg/dL) on maximally tolerated statin (n = 1532,
94.7%) (n = 1271 on high-intensity statin (78.6%)) and ezetimibe (n = 114, 7.1%)

Ongoing clinical trials

ORION-4 15,000 participants aged ≥55 years or older with pre-existing ASCVD

ORION-8 Open-label, long-term extension of the ORION-9, ORION-10, ORION-11 and ORION-5 studies

ORION-12 48 healthy volunteers

ORION-13 15 adolescents (12–18 years) with HoFH

ORION-14 40 Chinese patients with increased LDL-C levels despite hypolipidemic treatment

ORION-15 308 Japanese patients with ASCVD and elevated LDL-C levels

ORION-16 150 adolescents (12–18 years) with HeFH

ORION-18 320 Asians with ASCVD or ASCVD risk equivalents

VICTORION-INITIATE 444 patients with ASCVD and LDL-C > 70 mg/dL on maximally tolerated statin

VICTORION- INCEPTION 384 patients with recent (within 5 weeks) ACS

VICTORION- 2 PREVENT 15,000 patients with established CVD

VICTORION- REAL ASCVD patients

VICTORION- DIFFERENCE Patients with hypercholesterolemia treated with rosuvastatin at very-high or high CV risk

VICTORION- IMPLEMENT Patients with hypercholesterolemia or ASCVD

VICTORION- PLAQUE Patients with non-obstructive CHD without previous CV events

VICTORION- SPIRIT Patients with ASCVD or ASCVD risk equivalents

ASCVD: atherosclerotic cardiovascular disease, CV: cardiovascular, FH: familial hypercholesterolemia, HoFH:
homozygous familial hypercholesterolemia, HeFH: heterozygous familial hypercholesterolemia, T2DM: type 2
diabetes mellitus, CHD: coronary heart disease, ACS: acute coronary syndrome, LDL-C: low-density lipopro-
tein cholesterol.

Figure 1a,b summarize the different drug treatments in the above-mentioned clini-
cal trials.
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However, in one patient, no reduction in LDL-C levels was observed despite achieving a 

Figure 1. (a) Inclisiran administration in the ORION trials; (b) Inclisiran administration in the
VICTORION trials.

3. Effects of Inclisiran on LDL-C

In the ORION-1 trial, baseline mean (±SD) LDL-C was 128 (±50) mg/dL [18]. The
time-averaged decrease in LDL-C levels over 1 year ranged from 29.5 to 38.7% after a single
dose (p < 0.001 between groups) and from 29.9 to 46.4% in those who received two doses
(p < 0.001 between groups). The highest mean LDL-C reduction over 1 year and the greatest
proportion of responders at day 360 were observed in those receiving a two-dose 300 mg
regimen [18].

In the ORION-2 trial, among four HoFH patients, LDL-C was durably lowered in
three patients by −11.7% to −33.1% at day 90 and by −17.5% to −37.0% at day 180 [19].
However, in one patient, no reduction in LDL-C levels was observed despite achieving a
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durable PCSK9 decrease throughout the study. It should be noted that this participant was
also a poor responder to both alirocumab and evolocumab [19].

In the inclisiran-only arm of the ORION-3 trial, LDL-C levels were decreased by 47.5%
(95% CI 50.7–44.3; p < 0.0001) at day 210 (i.e., approximately 570 days after the first inclisiran
administration in the ORION-1 study). This reduction was sustained over 1440 days
(−46.7%, 95% CI −50.7 to −42.8) [20]. The 4-year averaged mean LDL-C reduction was
44.2% (95% CI: 47.1–41.4) in the inclisiran-only arm (i.e., after nine inclisiran injections); the
corresponding value for the switching arm was −45.3% (95% CI −49.7 to −40.9), depicting
exposure to inclisiran from year 2 to year 4 (i.e., 7 injections) [20]. Therefore, similar time-
averaged LDL-C reductions were achieved in both study arms, suggesting that previous
exposure/therapy with a monoclonal antibody against PCSK9 did not affect the efficacy of
inclisiran. Furthermore, the transition from evolocumab to inclisiran was either staged or
concurrent; no meaningful differences in terms of safety or efficacy were observed between
these two modalities of transition to inclisiran, thus highlighting the absence of any special
consideration when switching the therapy from evolocumab to inclisiran [20]. No safety
issues were raised; 14% of patients in each study arm reported injection-site reactions,
whereas treatment-emergent serious adverse events possibly linked to the study drug were
recorded for only 1% of patients in both study groups [20].

In the ORION-6 trial, the pharmacokinetic exposure of inclisiran was increased by
1.24 and 2.03-fold in patients with mild and moderate HI compared with those with normal
liver function, respectively [23]. Mean LDL-C change from baseline to day 60 was −51.9%
and −53.2% in the normal hepatic function and mild HI groups, respectively, compared
with −39.7% in patients with moderate HI [23]. The corresponding mean absolute LDL-C
changes were 68.5 mg/dL (mean baseline level: 132.9 mg/dL), 53.2 mg/dL (97.4 mg/dL)
and 79.2 mg/dL (160.0 mg/dL), respectively. Inclisiran was proven generally safe and
well-tolerated in all participant groups, with no dose adjustment needed for those with
HI [23]. However, larger and longer-duration clinical trials are needed to establish the
efficacy and safety of inclisiran in the presence of HI.

In the ORION-7 trial, mean (±SD) LDL-C decreases at day 60 were similar for par-
ticipants with normal renal function (57.6 ± 10.7%) and mild (35.1 ± 13.5%), moderate
(53.1 ± 21.3%) or severe RI (49.2 ± 26.6%) (p = 0.17 for participants with normal renal
function vs. those with any RI) [24]. These reductions persisted up to the end of the study
at day 180, thus highlighting that dose adjustments of inclisiran are not required in these
patients [24]. The tolerability and safety profile of inclisiran were similar irrespective of
renal function.

In the ORION-9 trial, baseline mean (±SD) LDL-C values and Lp(a) were 151 (±50)
mg/dL and 54 (IQR 20–185) nmol/L in the inclisiran group (n = 242 patients) and 155 (±58)
mg/dL and 57 (IQR 22–180) nmol/L in the placebo group (n = 240 patients), respectively.
The first primary endpoint was the % change in LDL-C levels from baseline to day 510 which
was a reduction of 39.7% (95% CI −43.7 to −35.7) in the inclisiran group and an increase of
8.2% (95% CI 4.3 to 12.2) in the placebo group (between-group difference: −47.9%, 95% CI
−53.5 to −42.3; p < 0.001) [26]. The time-averaged % change in LDL-C between days 90 and
540 was a reduction of 38.1% (95% CI −41.1 to −35.1) in the inclisiran group and an increase
of 6.2% (95% CI 3.3 to 9.2) in the placebo group (between-group difference: −44.3%, 95%
CI −48.5 to −40.1; p < 0.001) [26]. Furthermore, the mean absolute change in LDL-C levels
from baseline to day 510 was −59.0 mg/dL (95% CI −64.8 to −53.2) (1.5 mmol/L, 95% CI
−1.7 to −1.4) in the inclisiran group and +9.9 mg/dL (95% CI 4.1 to 15.8) (0.3 mmol/L, 95%
CI 0.1 to 0.4) in the placebo group (between-group difference: −68.9 mg/dL, 95% CI −77.1
to −60.7 (1.8 mmol/L, 95% CI −2.0 to −1.6); p < 0.001) [26]. The time-averaged difference
in LDL-C values between day 90 and day 540 was −56.9 mg/dL (−1.5 mmol/L) and
5.8 mg/dL (0.1 mmol/L) in the inclisiran and placebo groups, respectively (between-group
difference: −62.6 mg/dL (−1.6 mmol/L); p < 0.001) [26].

The ORION-10 trial, mean ± SD baseline LDL-C levels were 105 ± 38.3 mg/dL
(2.7 ± 0.9 mmol/L) and 105 ± 39 mg/dL (2.7 ± 1.0 mmol/L) in the inclisiran group
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(n = 781) and the placebo group (n = 780), respectively. The % change in LDL-C levels at
day 510 was −51.3% in the inclisiran group and +1.0% in the placebo group (between-
group difference: −52.3%, 95% −55.7 to −48.8; p < 0.001) [27]. The corresponding absolute
changes were −56.2 mg/dL (−1.45 mmol/L) in the inclisiran group and −2.1 mg/dL
(−0.05 mmol/L) in the placebo (between-group difference: −54.1 mg/dL (−1.40 mmol/L),
95% CI −57.4 to −50.9 mg/dL (−1.48 to −1.32 mmol/L]; p < 0.001). The time-adjusted
% change in LDL-C from day 90 to day 540 compared with baseline was −51.3% in the
inclisiran group and +2.5% in the placebo group (between-group difference: −53.8%, 95%
CI −56.2 to −51.3; p < 0.001) [27]. The corresponding absolute changes were −53.7 mg/dL
(−1.39 mmol/L) in the inclisiran group and −0.4 mg/dL (−0.01 mmol/L) in the placebo group
(between-group difference: −53.3 mg/dL (−1.38 mmol/L), 95% CI −55.8 to −50.8 mg/dL
(−1.44 to −1.31 mmol/L); p < 0.001) [27].

In the ORION-11 trial, mean (±SD) baseline LDL-C values were 107 (±42) and 104
(±36) mg/dL in the inclisiran and placebo groups, respectively. The % changes in LDL-C
values at day 510 were −45.8% in the inclisiran group and +4.0% in the placebo group
(between-group difference: −49.9%, 95% CI −53.1 to −46.6; p < 0.001) [27]. The corre-
sponding absolute changes were −50.9 mg/dL (−1.32 mmol/L) in the inclisiran group and
+1.0 mg/dL (0.03 mmol/L) in the placebo group (between-group difference: −51.9 mg/dL
(−1.34 mmol/L), 95% CI −55.0 to −48.7 mg/dL (−1.42 to −1.26 mmol/L); p < 0.001). The
time-adjusted % changes in LDL-C levels from day 90 to day 540 were −45.8% in the
inclisiran group and +3.4% in the placebo group (between-group difference: −49.2%, 95%
CI −51.6 to −46.8; p < 0.001) [27]. The corresponding absolute changes were −48.6 mg/dL
(−1.26 mmol/L) in the inclisiran group and +0.3 mg/dL (0.01 mmol/L) in the placebo group
(between-group difference: −48.9 mg/dL (−1.26 mmol/L), 95% CI −51.4 to −46.5 mg/dL
(−1.33 to −1.20 mmol/L); p < 0.001) [27].

In a post hoc analysis of the ORION-9, -10 and -11 trials, twice-yearly inclisiran
therapy was well-tolerated and effective in LDL-C reduction in both patients with (n = 470)
and without polyvascular disease (PVD) (n = 2984) [41]. In brief, mean (95% CI) placebo-
corrected LDL-C % change from baseline to day 510 was −48.9% (−55.6 to −42.2) in
patients with PVD and −51.5% (−53.9 to −49.1) in patients without [41].

It should be noted that inclisiran therapy was generally very well-tolerated in all
clinical trials causing only a significant increase in injection-site reaction by about 8.2% (in
the ORION-9-11 trials) [26,27]. Furthermore, both laboratory-defined and system-organ
adverse events were similar in the inclisiran and placebo groups. As mentioned above, only
injection-site reactions were more frequent in inclisiran-treated patients compared with
placebo; such reactions were generally mild, and none were severe or persistent [26,27].

4. Effects of Inclisiran on Lp(a)

In the ORION-1 trial, involving 501 participants (69% with ASCVD; 73% on statins,
mean LDL-C 128 mg/dL), median Lp(a) levels were decreased from baseline at day 150 by
−15% to −19% in the single-dose inclisiran groups and by −19% to −25% in the two-dose
inclisiran groups [42]. The corresponding ranges at day 180 were −14% to −18% in the
single-dose groups and −15% to −26% in the two-dose groups. However, none of the
observed Lp(a) reductions reached statistical significance, potentially due to substantial
interindividual variability in these changes [42]. Despite this variation in the magnitude of
the inclisiran effect on Lp(a), almost 90% of the participants in the 300 mg two-dose group
had a 26% median Lp(a) decrease at day 180 which is quite similar to the impact typically
found in trials with the other PCSK9i [41]. Of note, median baseline Lp(a) values ranged
from 25.3 to 47.0 nmol/L.

In a sub-analysis of the ORION-1 trial (n = 501 participants), inclisiran was associated
with lower Lp(a) levels regardless of the presence (n = 67) or absence (n = 415) of T2DM. It
was not reported whether this decrease was significant [43].



Pharmaceuticals 2023, 16, 577 9 of 15

In the ORION-3 trial, the open-label extension of ORION-1, at day 1440, Lp(a) levels
were reduced by 6.3% in the inclisiran-only arm and by 14.3% in the switching arm (p
values were not reported) [20].

The ORION-9 trial included 482 HeFH patients who received either inclisiran sodium
(at a dose of 300 mg) or placebo (in a 1:1 ratio) [26]. Median (IQR) baseline Lp(a) values
were 57 (22–180) nmol/L in the inclisiran group (n = 242 patients) and 54 (20–185) nmol/L
in the placebo group (n = 240 patients), respectively. At day 540, Lp(a) levels were decreased
by −13.5% in the inclisiran group, whereas they were increased by 3.7% in the placebo
group (placebo-adjusted difference: −17.2%). Significance levels were not provided [26].

In the ORION-10 trial (n = 1561 US patients with ASCVD), baseline median (IQR)
Lp(a) values were 57 (18–181) nmol/L in the inclisiran group and 56 (20–189) nmol/L in the
placebo group [26]. At day 540, median Lp(a) levels were lowered by 21.9% in the inclisiran
group, whereas they increased by 3.7% in the placebo group (placebo-adjusted change:
−25.6%) [27]. However, if this decrease was significant or not remains unclear. p values
were not shown as these did not take into account the multiplicity of testing. Similarly, in
the ORION-11 trial (n = 1617 patients from Europe and South Africa with ASCVD or an
ASCVD equivalent, i.e., T2DM, FH or a ≥20% Framingham Risk Score), at day 540, median
Lp(a) values were decreased by 18.6% in the inclisiran group, whereas they remained the
same in the placebo group (placebo-adjusted change: −18.6%) [27]. Again, for the reasons
mentioned above, p values could not be calculated, so the significance of this reduction
remains unclear. Baseline median (IQR) Lp(a) was 42 (18–178) and 35 (18–181) nmol/L in
the inclisiran and placebo groups, respectively.

There was, however, one study that showed a significant decrease in Lp(a) with in-
clisiran treatment. A pre-specified analysis of the ORION-11 trial included 203 individuals
at risk of CV events and baseline LDL-C ≥2.6 mmol/L (100 mg/dL), despite maximally
tolerated statins [44]. This “primary prevention cohort” (referred to as “risk equivalent” in
the study protocol) involved patients with FH, T2DM or with a 10-year risk of ≥20% of a
CV event (assessed by the Framingham Risk Score). At baseline, median (IQR) Lp(a) values
were 34 (14, 142), 40 (17, 148) and 27 (14, 138) nmol/L for the total population (n = 203),
the inclisiran group (n = 98) and the placebo group (n = 105) [44]. The placebo-corrected
percentage decrease in Lp(a) levels from baseline to day 540 was 28.5%; time-adjusted
absolute change (mean, 95% CI) was −12.5 (−17.1, −8.0) nmol/L for the inclisiran group
and +5.5 (1.2, 9.9) nmol/L for the placebo group; LS difference was −18.1 (−24.3, −11.8)
nmol/L (p < 0.0001) [44]. The unusual 16.8% increase in Lp(a) levels observed in the placebo
group may have contributed to the difference between the groups being significant.

Larger outcome trials with inclisiran will conclusively answer the question of whether
inclisiran decreases Lp(a) levels as the PCSK9 antibodies do.

5. Effects of Inclisiran on Other Lipoproteins and Apolipoproteins

In a phase 1 trial, involving healthy volunteers, inclisiran significantly decreased not
only LDL-C levels (up to a least-squares mean reduction of 50.6% in the single-dose groups
and 59.7% in the multiple-dose groups) but also total cholesterol (TC), non-high-density
lipoprotein cholesterol (non-HDL-C) and apolipoprotein B (apoB) in both single-dose
groups (n = 24; from baseline to day 84) and multiple-dose regimes (n = 45; from baseline
to day 180) [45]. Of note, among single-dose groups, the greatest reductions in TC, apoB
and non-HDL-C were observed in the 300 mg inclisiran group (i.e., −30.9, −47.1 and
−48.9%, respectively). Similar results were seen among the multiple-dose groups with
corresponding values −40.4, −56.9 and −52.4%, respectively) [45].

In the ORION-1 trial, significant reductions in TC, non-HDL-C and apoB were ob-
served at day 180 in all single- and two-dose inclisiran groups [42]. In brief, TC percent
changes from baseline ranged from −18 to −27% in the single-dose groups and from −22
to −33% in the two-dose groups (p < 0.001 for all comparisons with placebo), whereas for
non-HDL-C, the corresponding values were −25 to −37% and −32 to −46%, respectively,
and for apoB, they were from −23 to −33% and −28 to −41%, respectively (p < 0.001 for
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all comparisons with placebo) [42]. Therefore, the observed decreases in TC, non-HDL-C
and apoB following inclisiran administration were dose-dependent. Interestingly, at day
180, the vast majority of patients in the 300 mg two-dose inclisiran group achieved apoB
goals: 78.0% attained <80 mg/dL and 89.8% <100 mg/dL; the corresponding value for
non-HDL-C was 67.8% for <100 mg/dL and 83.1% for <130 mg/dL [42]. Even among
patients receiving a single dose of 300 mg inclisiran, 73.3% achieved apoB <80 mg/dL
and 83.3% <100 mg/dL at day 180, whereas 61.7% and 78.3% had non-HDL-C <100 and
<130 mg/dL, respectively [42].

It should also be noted that, in contrast to the homogeneous decreases in TC, non-
HDL-C and apoB, there was considerable temporal and interindividual variability in very
low density lipoprotein cholesterol (VLDL-C) reductions seen in the ORION-1 trial [42].
Furthermore, VLDL-C was not reduced at day 180 in almost 25% of the participants in
the 300 mg two-dose group. Substantial interindividual variation was also observed in
relation to changes in triglyceride (TG) levels [42]. At day 180, significant TG decreases
from baseline were observed only in the 300 and 500 mg single-dose groups (−13% (p < 0.01
vs. placebo) and −12% (p < 0.05 vs. placebo), respectively) and in the 300 mg two-dose
group (−14%; p < 0.05). In the same trial (i.e., ORION-1), HDL-C and apoA1 were modestly
increased [42]. At day 180, HDL-C was significantly raised only in the 300 mg single-dose
group (9% from baseline; p < 0.05 vs. placebo) and in all two-dose groups (8% (p < 0.05), 10%
(p < 0.001) and 9% (p < 0.01) for the 100, 200 and 300 mg, respectively) [42]. The percentage
change from baseline for apoA1 at day 180 ranged from 3 to 4% in the single-dose groups
and from 6 to 9% in the two-dose groups (p < 0.05 versus placebo only in the 200 and
300 mg groups) [42].

In the ORION-3 trial, the % change from baseline to day 1440 was −28.6 (−31.6 to
−25.7) for TC, −40.4 (−44.2 to −36.6) for non-HDL-C, +9.1 (6.3 to 11.9) for HDL-C, −33.7
(−37.2 to −30.2) for apoB and −12.0 (−17.8 to −5.6) for TG in the inclisiran-only arm [20].
The corresponding values for the switching arm were −27.4 (−31.8 to −23.0) for TC, −39.8
(−45.4 to −34.2) for non-HDL-C, +11.0 (6.0 to 15.9) for HDL-C, −34.9 (−39.5 to −30.2) for
apoB and −4.2 (−16.9 to +3.5) for TG. p values were not provided [20].

In the ORION-9 trial, at day 510, inclisiran was reported to decrease TC (−32.9%
placebo adjusted), non-HDL-C (−43.6% placebo adjusted), apoB (−36.9% placebo adjusted)
and TG (−11.8% placebo adjusted) (p values not provided) [26]. HDL-C was modestly
increased (+2.6% placebo adjusted) [28]. Similar improvements in lipid parameters were
observed with inclisiran therapy in the ORION-10 and ORION-11 trials [27]. In brief, in
the ORION-10 trial, placebo-adjusted changes at day 510 were −33.1% for TC (p < 0.001),
−47.4% for non-HDL-C (p < 0.001), −43.1% for apoB (p < 0.001), −12.6% for TG (p not
provided) and +5.1% for HDL-C (p not provided) [27]. The corresponding values in
the ORION-11 trial were −29.8% for TC (p < 0.001), −43.3% for non-HDL-C (p < 0.001),
−38.9% for apoB (p < 0.001), −7.0% for TG (p not provided) and +6.1% for HDL-C (p not
provided) [27].

In the pre-specified analysis of the ORION-11 trial, involving the “primary prevention
cohort” (referred to as “risk equivalent” in the study protocol), the mean placebo-corrected
percentage changes from baseline to day 510 were −39.5% for non-HDL-C and −35.8% for
apoB (p < 0.0001 for both comparisons) [44]. Similar results were found for TC and in the
secondary prevention cohort [44]. Interestingly, at day 510, higher proportions of patients
on inclisiran (vs. placebo) achieved apoB levels <100 mg/dL and <80 mg/dL: 81.2 vs. 38.3%
(OR 6.9, 95% CI 3.5–13.8) and 61.2 vs. 7.4% (OR 19.6, 95% CI 8.1–47.5), respectively [44]. The
corresponding values for attaining non-HDL-C levels <3.4 mmol/L (130 mg/dL) and <2.6
mmol/L (100 mg/dL) were 76.5 vs. 27.4% (OR 8.6, 95% CI 4.4–16.9) and 49.4 vs. 4.2% (OR
22.2, 95% CI 7.5–65.9), respectively [44]. Similar findings were observed in the secondary
prevention group of the ORION-11 trial [44].

Based on these data, inclisiran can beneficially affect TC, non-HDL-C and apoB levels,
thus increasing the proportion of patients achieving the goals for these lipid variables. The
implications of these benefits in clinical practice remain to be established.
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Table 2 summarizes the effects of inclisiran on lipids and lipoproteins reported by the
above-mentioned trials.

Table 2. Effects of inclisiran on lipids and lipoproteins in the ORION clinical trials.

Clinical Trial Effects on Lipids and Lipoproteins

ORION-1 [20,44]

Time-averaged decrease in LDL-C over 1 year: 29.5 to 38.7% after a single dose (p < 0.001 between
groups) and 29.9 to 46.4% after 2 doses (p < 0.001 between groups)
Median Lp(a) level decreases at day 150: −15% to −19% in the single-dose inclisiran groups and −19%
to −25% in the 2-dose inclisiran groups
Median Lp(a) level decreases at day 180: −14% to −18% in the single-dose groups and −15% to −26% in
the 2-dose groups
Mean % changes in TC at day 180: −18 to −27% in the single-dose groups and −22 to −33% in the
2-dose groups (p < 0.001 for all comparisons with placebo)
Mean % changes in non-HDL-C at day 180: −25 to −37% in the single-dose groups and −32 to −46% in
the 2-dose groups (p < 0.001 for all comparisons with placebo)
Mean % changes in apoB at day 180: −23 to −33% in the single-dose groups and −28 to −41% in the
2-dose groups (p < 0.001 for all comparisons with placebo)
Mean % changes in TG at day 180: −13% in the 300 mg single-dose groups (p < 0.05 vs. placebo), −12%
in the 500 mg single-dose groups (p < 0.05 vs. placebo) and −14% in the 300 mg 2-dose group
(p < 0.05 vs. placebo)
Mean % changes in HDL-C at day 180: +9% in the 300 mg single-dose groups (p < 0.05 vs. placebo), +8%
in the 100 mg single-dose groups (p < 0.05 vs. placebo), +10% in the 200 mg 2-dose group (p < 0.001 vs.
placebo) and +9% in the 300 mg 2-dose group (p < 0.01 vs. placebo)

ORION-2 [21]
LDL-C reduction in 3 patients: at day 90: −11.7% to −33.1% at day 180: −17.5% to −37.0%
In 1 patient: no reduction

ORION-3 [22]

In the inclisiran-only arm: mean LDL-C decreases by 47.5% (95% CI 50.7–44.3; p < 0.0001) at day 210 and
by 46.7% (95% CI 47.1–41.4) at day 1440 4-year averaged mean LDL-C reduction: 44.2% (95% CI:
47.1–41.4) (i.e., after 9 inclisiran injections)
Median Lp(a) level decreases at day 1440: −6.3% in the inclisiran-only arm and −14.3% in the
switching arm
Mean % changes in TC at day 1440: −28.6% in the inclisiran-only arm and −27.4% in the switching arm
Mean % changes in non-HDL-C at day 1440: −40.4% in the inclisiran-only arm and −39.8% in the
switching arm
Mean % changes in HDL-C at day 1440: +9.1% in the inclisiran-only arm and +11.0% in the
switching arm
Mean % changes in apoB at day 1440: −33.7% in the inclisiran-only arm and −34.9% in the switching arm
Mean % changes in TG at day 1440: −12.0% in the inclisiran-only arm and −4.2% in the switching arm

ORION-6 [25]
Mean LDL-C change at day 60: −51.9% in the normal hepatic function group −53.2% in the mild hepatic
impairment group −39.7% in the moderate hepatic impairment group

ORION-7 [26]
Mean LDL-C change at day 60: −57.6% in the normal renal function group −35.1% in the mild renal
impairment group −53.1% in the moderate renal impairment group −49.2% in the severe renal
impairment group

ORION-9 [28]

Mean LDL-C change at day 510: −39.7% (95% CI −43.7 to −35.7) in the inclisiran group vs. +8.2% (95%
CI 4.3 to 12.2) in the placebo group (between-group difference: −47.9%, 95% CI −53.5 to −42.3; p < 0.001)
Time-averaged % LDL-C change between days 90 and 540: −38.1% (95% CI −41.1 to −35.1) in the
inclisiran group vs. +6.2% (95% CI 3.3 to 9.2) in the placebo group (between-group difference: −44.3%,
95% CI −48.5 to −40.1; p < 0.001)
Median Lp(a) level decreases at day 540: −13.5% in the inclisiran group vs. +3.7% in the placebo group
(placebo-adjusted difference: −17.2%)
Mean % changes in TC at day 510: −32.9% in the inclisiran group (placebo adjusted)
Mean % changes in non-HDL-C at day 510: −43.6% in the inclisiran group (placebo adjusted)
Mean % changes in HDL-C at day 510: +2.6% in the inclisiran group (placebo adjusted)
Mean % changes in apoB at day 510: −36.9% in the inclisiran group (placebo adjusted)
Mean % changes in TG at day 510: −11.8% in the inclisiran group (placebo adjusted)



Pharmaceuticals 2023, 16, 577 12 of 15

Table 2. Cont.

Clinical Trial Effects on Lipids and Lipoproteins

ORION-10 [29]

Mean LDL-C change at day 510: −51.3% in the inclisiran group vs. +1.0% in the placebo group
(between-group difference: −52.3%, 95% CI −55.7 to −48.8; p < 0.001)
Time-averaged % LDL-C change between days 90 and 540: −51.3% in the inclisiran group vs. +2.5% in
the placebo group (between-group difference: −53.8%, 95% CI −56.2 to −51.3; p < 0.001)
Median Lp(a) level decreases at day 540: −21.9% in the inclisiran group vs. +3.7% in the placebo group
(placebo-adjusted difference: −25.6%)
Mean % changes in TC at day 510: −33.1% in the inclisiran group (placebo adjusted)
Mean % changes in non-HDL-C at day 510: −47.4% in the inclisiran group (placebo adjusted)
Mean % changes in HDL-C at day 510: +5.1% in the inclisiran group (placebo adjusted)
Mean % changes in apoB at day 510: −43.1% in the inclisiran group (placebo adjusted)
Mean % changes in TG at day 510: −12.6% in the inclisiran group (placebo adjusted)

ORION-11 [29]

Mean LDL-C change at day 510: −45.8% in the inclisiran group vs. +4.0% in the placebo group
(between-group difference: −49.9%, 95% CI −53.1 to −46.6; p < 0.001)
Time-averaged % LDL-C change between days 90 and 540: −45.8% in the inclisiran group vs. +3.4% in
the placebo group (between-group difference: −49.2%, 95% CI −51.6 to −46.8; p < 0.001)
Median Lp(a) level decreases at day 540: −18.6% in the inclisiran group vs. +0% in the placebo group
(placebo-adjusted difference: −18.6%)
Mean % changes in TC at day 510: −29.8% in the inclisiran group (placebo adjusted)
Mean % changes in non-HDL-C at day 510: −43.3% in the inclisiran group (placebo adjusted)
Mean % changes in HDL-C at day 510: +6.1% in the inclisiran group (placebo adjusted)
Mean % changes in apoB at day 510: −38.9% in the inclisiran group (placebo adjusted)
Mean % changes in TG at day 510: −7.0% in the inclisiran group (placebo adjusted)

LDL-C: low-density lipoprotein cholesterol; Lp(a): lipoprotein a; HDL-C: high-density lipoprotein cholesterol; TC:
total cholesterol; TG: triglycerides; apoB: apolipoprotein B.

6. Conclusions

Inclisiran exerts a prolonged and significant LDL-C-lowering effect based on its unique
mechanism of action. Some of the ORION trials have been completed confirming that
inclisiran effectively reduced LDL-C in patients with elevated LDL-C, despite maximally
tolerated statin therapy (±ezetimibe), in different clinical settings (i.e., patients with HoFH,
HeFH, ASCVD or ASCVD risk equivalents, as well as in CKD and PVD patients) [46,47].
Furthermore, novel findings were reported showing inclisiran-induced decreases in apoB,
TC, non-HDL-C and Lp(a), as well as modest increases in HDL-C levels. Very recently,
long-term exposure to inclisiran (up to 5 years), as well as switching from evolocumab to
inclisiran, was reported to be both safe and efficient in achieving and sustaining LDL-C
reductions in the ORION-3 study [20].

We still need data on the early efficacy of inclisiran (when we might observe the
significant LDL-C reduction after injection), in patients with early ACS (within the first
3 months), on atheroma plaque volume as well as in other patient populations such as those
with statin intolerance, peripheral artery disease and the elderly. Further studies/real-
world data will also answer the questions on LDL-C reduction efficacy in comparison
to PCSK9 inhibitors. Overall, inclisiran was well-tolerated with a similar safety profile
with placebo, except for mild and transient injection-site reactions. Regarding reducing
CV events, a recent patient-level analysis of ORION-9, -10 and -11 found that inclisiran
significantly reduced composite MACE but not fatal or non-fatal MIs or fatal and non-fatal
stroke [48]. The long-term safety and efficacy of inclisiran will be unequivocally reflected
in the eagerly awaited findings of the larger and longer CV endpoint trials ORION-4
and VICTORION-2 PREVENT, which will also determine the clinical relevance of this
promising new treatment.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Pharmaceuticals 2023, 16, 577 13 of 15

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: N.K. has given talks, attended conferences and participated in trials sponsored
by Amgen, Astra Zeneca, Bausch Health, Boehringer Ingelheim, Elpen, Libytec, Novartis, Novo
Nordisk, Sanofi, Servier, Viatris and Vianex. M.V. has given talks, attended conferences and partici-
pated in trials sponsored by Amgen, Astra Zeneca, Boehringer Ingelheim, KRKA, Novartis, Novo
Nordisk, Sanofi, Servier, Viatris and Zentiva. M.B. speakers bureau: Amgen, Daiichi Sankyo, KRKA,
Polpharma, Mylan/Viatris, Novartis, Novo-Nordisk, Pfizer, Sanofi-Aventis, Teva, Zentiva; consultant
to Adamed, Amgen, Daichii Sankyo, Esperion, NewAmsterdam, Novartis, Novo-Nordisk, Polfarmex,
Sanofi-Aventis; Grants from Amgen, Daiichi Sankyo, Mylan/Viatris, Sanofi and Valeant; CMDO at
Longevity Group (Luxemburg). I.G.-B. has received consulting honoraria from Amgen, Regeneron,
Sanofi, Aegereon, Akcea Therapeutics, Novartis, Daiichi-Sankyo, Ultragenyx and Amarin.

References
1. GBD 2017 Causes of Death Collaborators. Global, Regional, and National Age-Sex-Specific Mortality for 282 Causes of Death

in 195 Countries and Territories, 1980–2017: A Systematic Analysis for the Global Burden of Disease Study 2017. Lancet 2018,
392, 1736–1788. [CrossRef]

2. Grundy, S.M.; Stone, N.J.; Bailey, A.L.; Beam, C.; Birtcher, K.K.; Blumenthal, R.S.; Braun, L.T.; de Ferranti, S.; Faiella-Tommasino,
J.; Forman, D.E.; et al. 2018 HA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on
the Management of Blood Cholesterol: A Report of the American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Circulation 2019, 139, e1082–e1143.

3. Katsiki, N.; Giannoukas, A.D.; Athyros, V.G.; Mikhailidis, D.P. Lipid-lowering treatment in peripheral artery disease. Curr. Opin.
Pharmacol. 2018, 39, 19–26. [CrossRef]

4. Katsiki, N.; Athyros, V.G.; Mikhailidis, D.P.; Mantzoros, C. Proprotein convertase subtilisin-kexin type 9 (PCSK9) inhibitors:
Shaping the future after the further cardiovascular outcomes research with PCSK9 inhibition in subjects with elevated risk
(FOURIER) trial. Metabolism 2017, 74, 43–46. [CrossRef] [PubMed]

5. Liu, C.; Chen, J.; Chen, H.; Zhang, T.; He, D.; Luo, Q.; Chi, J.; Hong, Z.; Liao, Y.; Zhang, S.; et al. PCSK9 Inhibition: From Current
Advances to Evolving Future. Cells 2022, 11, 2972. [CrossRef]

6. Authors/Task Force Members; ESC Committee for Practice Guidelines (CPG); ESC National Cardiac Societies. 2019 ESC/EAS
guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular risk. Atherosclerosis 2019,
290, 140–205. [CrossRef] [PubMed]

7. Visseren, F.L.J.; Mach, F.; Smulders, Y.M.; Carballo, D.; Koskinas, K.C.; Bäck, M.; Benetos, A.; Biffi, A.; Boavida, J.M.; Capodanno,
D.; et al. ESC Scientific Document Group. 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice:
Developed by the Task Force for cardiovascular disease prevention in clinical practice with representatives of the European
Society of Cardiology and 12 medical societies with the special contribution of the European Association of Preventive Cardiology
(EAPC). Rev. Esp. Cardiol. 2022, 75, 429. [PubMed]

8. Toth, P.P.; Jones, S.R.; Monsalvo, M.L.; Elliott-Davey, M.; López, J.A.G.; Banach, M. Effect of Evolocumab on Non-High-Density
Lipoprotein Cholesterol, Apolipoprotein B, and Lipoprotein(a): A Pooled Analysis of Phase 2 and Phase 3 Studies. J. Am. Heart
Assoc. 2020, 9, e014129. [CrossRef]

9. Gouni-Berthold, I.; Schwarz, J.; Berthold, H.K. PCSK9 Monoclonal Antibodies: New Developments and Their Relevance in a
Nucleic Acid-Based Therapy Era. Curr. Atheroscler. Rep. 2022, 24, 779–790. [CrossRef] [PubMed]

10. Lyall, D.M.; Ward, J.; Banach, M.; Smith, G.D.; Gill, J.G.; Pell, J.P.; Holmes, M.V.; Sattar, N. PCSK9 genetic variants and cognitive
abilities: A large-scale Mendelian randomization study. Arch. Med. Sci. 2021, 17, 241–244. [CrossRef]

11. Ruscica, M.; Greco, M.F.; Ferri, N.; Corsini, A. Lipoprotein(a) and PCSK9 inhibition: Clinical evidence. Eur. Heart J. Suppl. 2020,
22, L53–L56. [CrossRef] [PubMed]

12. Sahebkar, A.; Momtazi-Borojeni, A.A.; Banach, M. PCSK9 vaccine: So near, yet so far! Eur. Heart J. 2021, 42, 4007–4010.
[CrossRef] [PubMed]

13. Kulkarni, J.A.; Witzigmann, D.; Thomson, S.B.; Chen, S.; Leavitt, B.R.; Cullis, P.R.; van der Meel, R. The current landscape of
nucleic acid therapeutics. Nat. Nanotechnol. 2021, 16, 630–643. [CrossRef] [PubMed]

14. Available online: https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-add-therapy-lower-cholesterol-
among-certain-high-risk-adults (accessed on 24 March 2023).

15. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/leqvio (accessed on 24 March 2023).
16. Kosmas, C.E.; Muñoz Estrella, A.; Skavdis, A.; Peña Genao, E.; Martinez, I.; Guzman, E. Inclisiran for the Treatment of

Cardiovascular Disease: A Short Review on the Emerging Data and Therapeutic Potential. Ther. Clin. Risk Manag. 2020,
16, 1031–1037. [CrossRef]

17. Arnold, N.; Koenig, W. PCSK9 Inhibitor Wars: How Does Inclisiran Fit in with Current Monoclonal Antibody Inhibitor Therapy?
Considerations for Patient Selection. Curr. Cardiol. Rep. 2022, 24, 1657–1667. [CrossRef]

https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.1016/j.coph.2018.01.003
https://doi.org/10.1016/j.metabol.2017.04.007
https://www.ncbi.nlm.nih.gov/pubmed/28477848
https://doi.org/10.3390/cells11192972
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://www.ncbi.nlm.nih.gov/pubmed/31591002
https://www.ncbi.nlm.nih.gov/pubmed/35525570
https://doi.org/10.1161/JAHA.119.014129
https://doi.org/10.1007/s11883-022-01053-3
https://www.ncbi.nlm.nih.gov/pubmed/35900635
https://doi.org/10.5114/aoms/127226
https://doi.org/10.1093/eurheartj/suaa135
https://www.ncbi.nlm.nih.gov/pubmed/33239979
https://doi.org/10.1093/eurheartj/ehab299
https://www.ncbi.nlm.nih.gov/pubmed/34151957
https://doi.org/10.1038/s41565-021-00898-0
https://www.ncbi.nlm.nih.gov/pubmed/34059811
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-add-therapy-lower-cholesterol-among-certain-high-risk-adults
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-add-therapy-lower-cholesterol-among-certain-high-risk-adults
https://www.ema.europa.eu/en/medicines/human/EPAR/leqvio
https://doi.org/10.2147/TCRM.S230592
https://doi.org/10.1007/s11886-022-01782-6


Pharmaceuticals 2023, 16, 577 14 of 15

18. Ray, K.K.; Stoekenbroek, R.M.; Kallend, D.; Nishikido, T.; Leiter, L.A.; Landmesser, U.; Wright, R.S.; Wijngaard, P.L.J.; Kastelein,
J.J.P. Effect of 1 or 2 Doses of Inclisiran on Low-Density Lipoprotein Cholesterol Levels: One-Year Follow-up of the ORION-1
Randomized Clinical Trial. JAMA Cardiol. 2019, 4, 1067–1075. [CrossRef]

19. Hovingh, G.K.; Lepor, N.E.; Kallend, D.; Stoekenbroek, R.M.; Wijngaard, P.L.J.; Raal, F.J. Inclisiran Durably Lowers Low-
Density Lipoprotein Cholesterol and Proprotein Convertase Subtilisin/Kexin Type 9 Expression in Homozygous Familial
Hypercholesterolemia: The ORION-2 Pilot Study. Circulation 2020, 141, 1829–1831. [CrossRef]

20. Ray, K.K.; Troquay, R.P.T.; Visseren, F.L.J.; Leiter, L.A.; Scott Wright, R.; Vikarunnessa, S.; Talloczy, Z.; Zang, X.; Maheux, P.; Lesogor,
A.; et al. Long-term efficacy and safety of inclisiran in patients with high cardiovascular risk and elevated LDL cholesterol
(ORION-3): Results from the 4-year open-label extension of the ORION-1 trial. Lancet Diabetes Endocrinol. 2023, 11, 109–119.
[CrossRef]

21. Randomized Trial Assessing the Effects of Inclisiran on Clinical Outcomes Among People with Cardiovascular Disease (ORION-4).
Available online: https://clinicaltrials.gov/ct2/show/NCT03705234 (accessed on 24 March 2023).

22. Available online: https://www.clinicaltrials.gov/ct2/show/results/NCT03851705?cond=NCT03851705&draw=2&rank=1 (ac-
cessed on 24 March 2023).

23. Kallend, D.; Stoekenbroek, R.; He, Y.; Smith, P.F.; Wijngaard, P. Pharmacokinetics and pharmacodynamics of inclisiran, a small
interfering RNA therapy, in patients with hepatic impairment. J. Clin. Lipidol. 2022, 16, 208–219. [CrossRef]

24. Wrigh, R.S.; Collins, M.G.; Stoekenbroek, R.M.; Robson, R.; Wijngaard, P.L.J.; Landmesser, U.; Leiter, L.A.; Kastelein, J.J.P.; Ray,
K.K.; Kallend, D. Effects of Renal Impairment on the Pharmacokinetics, Efficacy, and Safety of Inclisiran: An Analysis of the
ORION-7 and ORION-1 Studies. Mayo Clin. Proc. 2020, 95, 77–89. [CrossRef]

25. Trial to Assess the Effect of Long Term Dosing of Inclisiran in Subjects with High CV Risk and Elevated LDL-C (ORION-8).
ClinicalTrials.gov Identifier: NCT03814187. Available online: https://clinicaltrials.gov/ct2/show/NCT03814187 (accessed on 24
March 2023).

26. Raal, F.J.; Kallend, D.; Ray, K.K.; Turner, T.; Koenig, W.; Wright, R.S.; Wijngaard, P.L.J.; Curcio, D.; Jaros, M.J.; Leiter, L.A.; et al.
Inclisiran for the Treatment of Heterozygous Familial Hypercholesterolemia. N. Engl. J. Med. 2020, 382, 1520–1530. [CrossRef]
[PubMed]

27. Ray, K.K.; Wright, R.S.; Kallend, D.; Koenig, W.; Leiter, L.A.; Raal, F.J.; Bisch, J.A.; Richardson, T.; Jaros, M.; Wijngaard, P.L.J.; et al.
Two Phase 3 Trials of Inclisiran in Patients with Elevated LDL Cholesterol. N. Engl. J. Med. 2020, 382, 1507–1519. [CrossRef]
[PubMed]

28. Scicchitano, P.; Milo, M.; Mallamaci, R.; De Palo, M.; Caldarola, P.; Massari, F.; Gabrielli, D.; Colivicchi, F.; Ciccone, M.M. Inclisiran
in lipid management: A Literature overview and future perspectives. Biomed. Pharmacother. 2021, 143, 112227. [CrossRef]

29. Available online: https://clinicaltrials.gov/ct2/show/NCT04659863 (accessed on 24 March 2023).
30. Available online: https://clinicaltrials.gov/ct2/show/NCT04774003 (accessed on 24 March 2023).
31. Available online: https://clinicaltrials.gov/ct2/show/NCT04652726 (accessed on 24 March 2023).
32. Available online: https://clinicaltrials.gov/ct2/show/NCT04765657 (accessed on 24 March 2023).
33. Available online: https://clinicaltrials.gov/ct2/show/NCT04929249 (accessed on 24 March 2023).
34. Available online: https://clinicaltrials.gov/ct2/show/NCT04873934 (accessed on 24 March 2023).
35. Available online: https://clinicaltrials.gov/ct2/show/NCT05030428 (accessed on 24 March 2023).
36. Available online: https://clinicaltrials.gov/ct2/history/NCT05399992 (accessed on 24 March 2023).
37. Available online: https://clinicaltrials.gov/ct2/show/NCT05192941 (accessed on 24 March 2023).
38. Available online: https://clinicaltrials.gov/ct2/show/NCT05362903 (accessed on 24 March 2023).
39. Available online: https://clinicaltrials.gov/ct2/show/NCT05360446 (accessed on 24 March 2023).
40. Available online: https://clinicaltrials.gov/ct2/show/NCT04807400 (accessed on 24 March 2023).
41. Koenig, W.; Conde, L.G.; Landmesser, U.; Leiter, L.A.; Ray, K.K.; Schwartz, G.G.; Wright, R.S.; Han, J.; Raal, F.J. Efficacy and Safety

of Inclisiran in Patients with Polyvascular Disease: Pooled, Post Hoc Analysis of the ORION-9, ORION-10, and ORION-11 Phase
3 Randomized Controlled Trials. Cardiovasc. Drugs Ther. 2022, epub ahead of print. [CrossRef]

42. Ray, K.K.; Stoekenbroek, R.M.; Kallend, D.; Leiter, L.A.; Landmesser, U.; Wright, R.S.; Wijngaard, P.; Kastelein, J.J.P. Effect of an
siRNA Therapeutic Targeting PCSK9 on Atherogenic Lipoproteins: Prespecified Secondary End Points in ORION 1. Circulation
2018, 138, 1304–1316. [CrossRef] [PubMed]

43. Leiter, L.A.; Teoh, H.; Kallend, D.; Wright, R.S.; Landmesser, U.; Wijngaard, P.L.J.; Kastelein, J.J.P.; Ray, K.K. Inclisiran Lowers
LDL-C and PCSK9 Irrespective of Diabetes Status: The ORION-1 Randomized Clinical Trial. Diabetes Care 2019, 42, 173–176.
[CrossRef] [PubMed]

44. Ray, K.K.; Kallend, D.; Leiter, L.A.; Raal, F.J.; Koenig, W.; Jaros, M.J.; Schwartz, G.G.; Landmesser, U.; Garcia Conde, L.; Wright,
R.S.; et al. Effect of inclisiran on lipids in primary prevention: The ORION-11 trial. Eur. Heart J. 2022, 43, 5047–5057. [CrossRef]
[PubMed]

45. Fitzgerald, K.; White, S.; Borodovsky, A.; Bettencourt, B.R.; Strahs, A.; Clausen, V.; Wijngaard, P.; Horton, J.D.; Taubel, J.; Brooks,
A.; et al. A Highly Durable RNAi Therapeutic Inhibitor of PCSK9. N. Engl. J. Med. 2017, 376, 41–51. [CrossRef]
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